objective The most common form of transmitting human brucellosis is through contaminated food or direct contact with infected animals. Human-to-human transmission (HHT) has been described as isolated case reports. The aim of this systematic review was to describe all cases of HHT of human brucellosis reported in the medical literature.
Introduction
Brucellosis is a bacterial disease caused by Brucella and one of the most important zoonoses worldwide. The annual incidence ranges from 0.3 cases per million in some developed countries to >1000 cases per million in endemic areas [1] .
Brucellosis has several clinical presentations, including a systemic syndrome with fever, sweat, chills and fatigue, but also some located presentations, such as epididymoorchitis and spondylodiscitis. Neurobrucellosis and endocarditis are severe presentations of the disease [2] . Current treatment is with long-term antibiotics, including aminoglycosides in the first days. Mortality is associated with complicated cases.
Brucellosis is transmitted to humans through consumption of infected, unpasteurised animal milk or direct contact with infected animals [3] . Human-to-human transmission (HHT) has been described, including vertical and sexual. Other forms of human-to-human transmission have been anedoctical, including blood transfusion [4] . This systematic review presents aspects of different routes of human-to-human transmission of brucellosis.
Methods

Search criteria
A literature search was conducted using PubMed, Scopus and Scielo databases comprising the search terms (brucella OR brucellosis) AND (transmission) AND (vertical OR pregnancy OR pregnant OR human OR man OR woman OR prenatal OR perinatal). Articles were complemented by review of bibliographies and reference lists of relevant studies. Only articles in English, French, Spanish or Portuguese published between 1966 and March 2015 with peer-reviewed data were included.
Study inclusion, data extraction and study quality assessment
All original articles investigating or describing Brucella HHT were included in the initial evaluation. Two investigators working independently determined study eligibility. Potentially relevant studies were analysed by title and abstract and articles meeting the inclusion criteria were selected only after detailed full text reading. Any discrepancies were resolved by another investigator of the group. Considering the characteristics of this study (case or series report), all clinical data were evaluated aiming to construct a table with the most important clinical aspects, age, gender, confirmed infection and detection method, transmission method and confirmation of transmission and potential source of infection for human transmission. Considering the features of a systematic review, no statistical method was employed in this study.
Results
General aspects
We identified 615 publications after initial search and 547 were excluded in the first analysis. Of the remaining 68 publications, only 35 were included. Excluded publications were experimental, reviews, on non-human brucellosis transmission and on non-HHT ( Figure 1 ). In these 35 publications, a total of 47 cases of human brucellosis HHT were identified. 61% (29 cases) of patients who acquired brucellosis from another human were <1 year old (newborn and breastfeeding). Another 13 cases (28%) were patients from eight to 61 years old, and age was not mentioned in five patients (11%). 30% were male (14 cases), 66% were female (31 cases) and sex was not described in 4% of cases (2 cases).
Species
The most common Brucella species associated with HHT was Brucella melitensis, identified in 68% of cases. In some reports, the subtype was also identified, which included B. melitensis 1, B. melitensis 2, B. melitensis 3 and B. melitensis 6. Other species identified were Brucella abortus and B. biovar. In few cases, the species was not identified, except for the Brucella genus.
Mode of HHT
The most common mode of HHT brucellosis was transplancental and by breastfeeding. Other few reports occurred by sexual transmission, blood transfusion and organ transplantation.
Transplacental
There were 12 cases of transplacental transmission, of which 11 were confirmed by blood culture in both the mother and the newborn. One of the cases had no laboratory confirmation of transmission mode, but it is believed to be vertical because the mother had brucellosis during pregnancy and did not receive treatment, the newborn showed positive laboratory results at one month of age, and the possibility of transmission through breastfeeding was ruled out according to the milk culture results. However, we cannot rule out transmission through milk because no description of breastfeeding was identified and seven of these 12 cases were asymptomatic at birth. Nevertheless, four cases were symptomatic, confirming intrauterine disease; and clinical symptoms were not described for one case.
Breastfeeding
Of the seven cases classified as transmission through breast milk, only two were confirmed by Brucella growth in milk culture. Four other newborn patients had no confirmation on transmission mode, and may have occurred (12) Non-human transmission (5) Vaccinal transmission (2) Epidemiological studies (5) Only risk factor studies (9) ˆ F igure 1 Publications included and excluded from systematic reviews of human-to-human transmission of brucellosis.
during pregnancy or vaginally during passage through the birth canal. All cases were symptomatic and diagnosed at least 45 days after birth. However, neonatal infection cannot be ruled out. Moreover, three cases occurred 5 months after birth, suggesting transmission through breast milk.
Sexual
Another very frequently reported mode of transmission was through intercourse, totaling ten cases. Only two cases had confirmation by culture and laboratory methods such as PCR in semen. The other eight cases had no diagnostic confirmation by semen testing, but had, for example, positive blood culture for Brucella and exclusion of any other type of transmission. All cases considered as sexual transmission showed a sequential infection, with an adequate window between each partner.
Blood transfusion
Blood transfusion was shown by some studies in five cases. Four were confirmed by agglutination antibody testing in peripheral blood. In two of them, transfusion had occurred in two newborns at the same hospital; both received transfusion for hyperbilirubinemia; in only one case the donor has been identified. In the other two cases found in the literature, transfusion occurred in the same hospital ward with two patients with beta thalassemia receiving transfusions on a regular basis; both received transfusions from the same donor, a farmer who raised cattle and goats.
Bone marrow transplantation
Two cases showed the source of infection as being bone marrow transplantation. In both cases, there was confirmation by the patient's and also the donor's culture, which showed the source of infection.
Aerosol
The last source of transmission found in this review was by aerosol, in five cases where transmission in the delivery room after handling the placenta from an infected mother was described. Professionals who had not been in contact with the patient developed the disease. None had confirmatory diagnostic tests; however, two patients were technicians in microbiology, being the likely source of infection aerosol aspiration within the laboratory.
Clinical aspects of brucellosis by HHT
Most of the reported patients presented symptoms upon diagnosis. The most common clinical presentation was acute infection with fever, arthralgia, lethargy and jaundice. Five patients had pulmonary involvement, and a patient had an onset of sepsis. Only five patients showed no symptoms but had the diagnosis confirmed by laboratory tests.
Diagnostic methods
To identify the possible source of Brucella transmission in the various cases described, some diagnostic tests were used. In some cases, more than one type of test was applied, such as Brucella survey by PCR and blood culture. A widely used method was serologic testing by immunoassay, with agglutination titre count. Another method was the culture of biological material such as blood, semen or breast milk and may be combined with other techniques such as PCR and serology for a more precise confirmation.
Discussion
The first human-transmitted infection was documented in 1931 [5] . Since then, several HHT cases have been published. Among reported forms of transmission we found breastfeeding and more exotic forms, such as bone marrow transplantation and aerosolization of the involved bacterium [4, 6, 7] . In this review, 61% of patients were infants, reported as HHT by vertical transmission or during breastfeeding [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Of the 47 patients, the transplacental route ranked as the most common form of HHT (with 11 total patients). The main clinical presentations described in neonates were fever, respiratory distress, hyperbilirubinemia, hepatomegaly and arthralgia. In areas of high HHT endemicity, it is important to investigate symptomatic mothers and offer treatment to prevent transmission, same as for breastfeeding. Despite the seven cases reported, there was no laboratory confirmation of the route of transmission in four of these patients due to the lack of microbiological evidence. There are no data in the literature for positive breast milk culture. Serological screening of mothers from endemic areas is controversial [28, 29] .
The second most commonly reported transmission route was sexual, with a total of 10 cases [30] [31] [32] [33] [34] [35] [36] [37] [38] . However, only two had microbiological confirmation in semen. Patients with brucellosis need to be informed regarding sexual abstinence during treatment, to prevent this route of transmission. The presence of the bacterium in semen had been previously described; however, we cannot affirm the duration of positivity in sperm [39] . We believe that during the acute phase this possibility is higher than during the convalescent period. Sexual transmission was described only in women. A hypothesis for this finding is a persistent elimination of bacteria in the semen, as occurs in animals and can occur in viral infection in men, even after clinical cure, like Zika virus [40] .
There are no studies of Brucella elimination by vaginal secretion. There were more infections in females in the neonatal transmission, an association that has yet to be explained. Among the other forms of transmission, five cases of HHT secondary to blood transfusion have been reported [41] [42] [43] and two after bone marrow transplantation [6, 7] . Given the small number of cases, screening blood banks for HHT is questionable, as many positive serologic tests may not be related to disease activity, leading to a significant number of disposals in endemic areas. In symptomatic patients, screening by questionnaire could eliminate these potential donors.
The most unusual form of transmission was reported in five cases in professionals who were exposed to aerosols after handling infected placenta (even without contact with the index case). This episode demonstrates the importance of standard precautions in caring for patients with brucellosis, leaving questions about the need for air precaution (aerosol or droplet) in these cases.
68% of cases associated with HHT were Brucella melitensis, supporting the highest prevalence of this species in human infections [44] . Only three cases included B. abortus with different transmission modes (sexual, bone marrow transplantation and transplacental). There was no association of species with transmission mode.
The diagnostic tests for human brucellosis included only sample culture or serum agglutinin test (SAT). Table 1 details methods used in patient diagnosis as well as in the possible source. Culture was used in all but 3 cases. SAT was used to diagnose the source in some cases, once culture was not positive in cases of past infection. Other tests like Rose Bengal, Coombs or ELISA were not evaluated. Molecular tests were not included in these cases.
In summary, human brucellosis is a transmissible disease, including cases of transmission between humans, described so far by transplacental route, breastfeeding, intercourse and tissue such as blood and bone marrow. Other routes may occur, not described yet, such as transplantation of solid organs. Although there are few cases described in the literature, the number of cases is probably higher, as family members share the same endemic area making it difficult to differentiate between interhuman and environmental transmissions. Although screening of tissue banks, transplants, blood and during pregnancy remains controversial, it could be implemented in hyperendemic areas according to demand and financial resources, as brucellosis is a disease associated with less favourable conditions from a socio-economic point of view. The screening strategy may be more important in the setting of mother-to-child transmission, as this was the most frequently correlated form of human brucellosis HHT in this study. Instructing patients regarding sexual abstinence during treatment of human brucellosis is controversial, because the duration of bacteria elimination is not established. The importance of brucellosis screening in symptomatic (or asymptomatic patients in endemic areas) patients is due to the fact that although the disease has an asymptomatic presentation, it can result in severe conditions, transitory or permanent disability, and even death.
